Motor vehicular exhaust is threatening to human health in Dhaka city. To find out the extent of respiratory problem among a particular cadre of transport workers, the human hauler helpers (HHH) of Dhaka city, we conducted a cross sectional study from March 2006 to June 2006. We enrolled 108 HHH from Mirpur to Mohakhali and Gabtoli to Mohakhali routes and collected data using a pre tested questionnaire including interview and physical examination. The pulmonary functions of the participants were measured with electronic spirometer. Among the participants with current respiratory problems 69% complained of gradual increase in respiratory problems and 38% gave history of feeling better on weekly holidays. Occurrence of hoarseness of voice (90%) and wheeze (71%) was extremely high among the helpers followed by cough (50%) and nasal irritation (50%). Spirometry showed 41.7% had obstructive and 4.6% had combined features of pulmonary impairment. Logistic regression analysis showed that respondents who worked 24 months or more were 6.9 times more likely to develop respiratory problem than the less exposed group (OR 6.9; 95% CI 3.42, 8.41). This study provides new information on respiratory health of a specific group of transport workers in Dhaka city which warrants further evaluation with a representing sample covering other areas of Dhaka city among all transport workers.
one of the major contributors of respiratory problems and the main source of air pollution is due to suspended particles from the motor exhaust [2] . Dhaka, the capital of Bangladesh is one of the most populous cities of the world [3] . Respiratory problem following air pollution in Dhaka is serious due to increasing population and associated motorization [4] . One of the main reasons of respiratory problems in Dhaka is the smoke emitted from the automobiles [5] . Initial estimate reveals that motor vehicles of Dhaka city annually emit 3700 tons of particulate matters, 8550 tons of nitrogen gases and 50,700 tons of carbon di-oxide [5] which is much higher than the acceptable level [4] .
Motor engine exhaust emissions contain hundreds of chemical compounds, which are emitted partly in the gaseous phase and partly in the particulate phase of the exhaust [6] . The vehicles emit primary pollutants like carbon monoxide, hydrocarbon, oxides of nitrogen and sulfur and particulate including smoke [7] [8] [9] . In addition to these pollutants, secondary pollutants result in the atmosphere through chemical reaction among the vehicle emission and the normal atmosphere constituents [6] . Evidences suggested that these substances have strong role in developing systemic and inflammatory changes in respiratory system [6] . Individuals who were exposed for a longer duration might develop irritation of the nose and throat, cough, chest tightness, wheezing and shortness of breath [10] [11] [12] . Moreover, exposure to outdoor air pollutants with predominant particulate matter from vehicular exhaust has been associated with exacerbation of airway oxidative stress, bronchial reactivity and inflammation in the lungs, which may aggravate chronic respiratory symptoms and increase the frequency or intensity of asthma attacks [6] [13]- [15] . Therefore, people like drivers and transport workers are always at high risk due to their occupational exposure in these highly pollutant environment [13] [16]- [18] .
There are different types of motor vehicles in Dhaka city. Human haulers are one of them. After banning of two stroke engines from Dhaka and withdrawal of rickshaws from main roads their number increased in last two or three years. Although for the last few years more than 1000 city buses playing the major role of urban transport system, still human haulers are playing an important role as one of the most convenient transport for the lower middle class [19] . According to Bangladesh road transport authority (BRTA) there were 809 registered human haulers in Dhaka in the year 2004 [19] . In some routes like Mirpur to Mohakhali, human haulers are the major means of public transport, as there are limited bus services connecting these roads. The passengers enter into this van shaped vehicle from back and the helper of this vehicle stands on the rear most part of it, standing on a footplate and keeping balance by holding the vehicle with one hand. The distinguishing feature of the human hauler is that its exhaust pipe lies near the footrest where the helper stands. The human hauler helpers (HHH) take breath in ambient air of the busiest roads of Dhaka and also inhale exhaust from the older and intensively used engines of their own vehicles. According to the motor vehicle ordinance, 1983 (15a) "helper-cumcleaner", in relation to a transport vehicle, means a person engaged to assist the driver or the conductor in performing his functions and also to clean a motor vehicle [20] . HHHs are the assistants of the drivers. They deal with passengers, manage their accommodation in the vehicle, collect fairs and also direct the driver from back. These helpers are the typical transport workers of Dhaka city, representing 9.3 percent of the total working age population in the city [21] . There are limited evidence related to level of air pollutants from vehicular exhaust and how much Dhaka city dwellers are exposed to them [22] [23] [24] . However, we found no data on respiratory morbidities among drivers or transport workers of Dhaka city in Pub Med database. Therefore, we conducted this cross sectional study to find out the extent of respiratory problem, among the HHH of Dhaka city.
Materials and Methods

Study Design
It was a cross-sectional study among the HHH of the two major routes of Dhaka city in between March, 2006 to June, 2006.
Study Population
All helpers of human haulers of Dhaka city, who had worked in this position for at least 6 months, were our study population. Exclusion criteria include working less than 6 months as transport worker, suffering from acute respiratory infection at the time of data collection (pneumonia, acute bronchitis, fever with cough and cold) and did not provide consent to participate in the study. Due to convenience and budgetary constrains two routes namely Mirpur to Mohakhali and Gabtoli to Mohakhali had been selected purposively. According to "Human Hauler Owner's Association of Mirpur" a total of 180 human haulers used to ply on these two routes and a total of 210 individuals were employed as helpers of those Human haulers in 2005.
Sample size
For determination of sample size the formula 2 2 pq n z d = was used.
Here n = sample size. z = standard normal deviation usually set at 95% CI which is 1.96. p = the anticipated population proportion having respiratory problem. q =1 − p = 0.5. d = degree of error = 10% or 0.1. Thus the estimates sample size of 96 would be sufficient for the purpose of the study. Considering possible incompleteness of interviews and withdrawal from participation in the study the sample size was inflated to include a total of 108 participants.
Sampling Technique
All HHH in Mirpur to Mohakhali and Gabtoli to Mohakhali route who had worked in the current position for at least 6 months were initially invited to attend at a temporary office at Mirpur, Dhaka. The purpose of the study, the procedures involved and the requisites to be participant of the study was explained to them and their consent to participate was sought. It can be noted that from all available helpers, as per inclusion and exclusion criteria, only those respondents who provided consent to participate in the study were considered eligible. A list was prepared for 180 eligible helpers who provided consent to participate in the study. From the list 108 HHHs was selected by simple random sampling (SRS). Although 7 participants did not wish to participate in the study after SRS, therefore, we had randomly chosen the next participants through SRS.
Data Collection Tools
A structured questionnaire and a check list were used as research instrument. The checklist was used for recording findings of clinical and spirometric examination. Respiratory questionnaire was adapted from American Thoracic Society [25] . Anthropometries of the HHH were performed by standard weight and height scale using WHO guideline [26] . The questionnaire was pre tested, evaluated & revised before data collection. All selected HHHs were interviewed using the structured questionnaire to elicit socio-demographic, occupational and respiratory problem related information.
Spirometry
Spirometry is a medical screening test that measures various aspects of breathing and lung function. It is performed by using a spirometer, a special device that registers the amount of air a subject inhales or exhales and the rate at which the air is moved into or out of the lungs [2] . We performed spirometry using AT-6 Schiller AG Spirometer NR. (Schiller health care Ltd, Switzerland).Three measurements obtained through spirometry are particularly useful: forced vital capacity (FVC), forced expiratory volume at one second (FEV1), and the ratio of the FEV1 to the FVC [27] [28] . Computerized spirometers frequently print out six or more measures of flow or volume. However, for most purposes, the FVC and FEV1 suffice. The FVC is the total volume of air exhaled after a Forced Expiratory Maneuver. The ratio of the FEV1 to the FVC is obtained by dividing the FEV1 by the FVC. A person with a low FVC may have a restrictive disease while a low FEV1/FVC ratio may indicate an obstructive disease [27] [28] . For diagnosis of obstructive, restrictive or combined respiratory impairments reduced values of FVC, FEV1 and FEV1/FVC are the primary criteria set by the National Institute for Health and Clinical Excellence (NICE) [29] .
Spirometry measurements are related to age, gender, height and ethnicity [30] . The American Thoracic Society (ATS) recommend the use of the third National Health and Nutrition Examination Survey (NHANES III) reference developed by National Institute for Occupational Safety and Health (NIOSH) of Centers for Disease Control and Prevention [31] . This data set has been widely used for its generalisability as well as covering both children and older people ranging from 8 years to 80 years. The major limitations are this NHANES III refer-ence only applicable for white, black and Hispanic people and the lack of a single reference across all ages [32] . The reference values calculated for pulmonary functions for Asian Indians living in United States could be more appropriately represent people of Bangladesh where the mean (±sd) predicted values for FVC is 4.68 ± 0.66 L and FEV1 is 3.65 ± 0.63 L for male population [33] .
Methods of Data Collection
The interview of the respondents was carried out in a temporary office at Mirpur-1 bus stop, Dhaka. On completion of the interview, clinical examination was undertaken and the findings were recorded on the checklist. The interview and clinical examination of the 108 study participants was completed over a period of 6 days. On completion interview and clinical examination the participants were sent to a diagnostic center for spirometric assessment according to the convenience of the study participants. The spirometric assessments of the participants were completed over a period of 10 days. Staff at the diagnostic center conducted the pulmonary function tests using an electronic spirometer. Prior to each test the device was checked and height and weight of the subjects were taken using standard weight and height scale and the readings were recorded in spirometer. After sufficient explanation on the method, the subjects were repeatedly tested, with a short interval, until more than three forced expiratory curves that were reproducible had been obtained. A nose clip was applied to each subject, and subjects were in the seating position during the tests.
Data Analysis
Collected data was checked, edited and entered in SPSS 11.5 for analysis. Descriptive analysis was performed by using percentages and mean ± standard deviation for categorical and quantitative variables, respectively. Chi-square test was done for univariate relationship between two categorical variables and t-test and analysis of variance (ANOVA) were done for computing differences between continuous variables and exposure categories. Finally binary logistic regression was also carried out to test the association between respiratory problems and its associated factors. Variables those were significant or nearly significant in univariate analyses were considered in the logistic regression model. Statistical significance was defined as p < 0.05.
Written informed consents were obtained from each participant before data collection. This study was performed in partial fulfillment for the requirements of the "Master of Public Health degree" carried out at the National Institute of Preventive and Social Medicine (NIPSOM), Dhaka for the session: 2005-06 and accepted by the faculty of Post Graduate Medical Science and Research, Dhaka University.
Results
There were 108 male respondents with mean age of 18.39 ± 3.48 years. Majority of them belonged to 15 -19 years age group with 7.4% less than 15 years old. The average monthly income was USD 21.25 as per 2005 currency conversion. Half of the respondents were illiterate and nearly half of them had primary level of education. About three-fourth of the respondents had no history of previous employment in any motor vehicle. Their working hours ranged from 12 to 16 hours per day and 38% of them had no weekly holidays ( Table 1) .
About 75% of the respondents did not reported to have any respiratory problem in the preceding year while 44.4% had current respiratory problems. Among the respondents with current respiratory problems, 68.7% complained of increasing respiratory problems day by day and 33.3% gave history of feeling better on weekly holidays. Regarding different symptoms of current respiratory problems 50% of respondents had nasal irritation, 89.6% had hoarseness of voice, 50.0% had cough when did not catch cold, 25% brought up phlegm when did not catch cold. Moreover, 70.8% of respondents had wheeze, 37.5% complaint of tightness of chest and 25% experienced shortness of breath during hurrying or walking up. Half of them were smokers and 8.3% used mask in the working place ( Table 2) .
Regarding lung function tests, the mean values of forced vital capacity (FVC), forced expiratory volume in one second (FEV1), percentage of FEV1 (FEV1%) and peak expiratory flow rate (PEFR) were 3.92 ± 0.44 litre, 2.68 ± 0.71 litre, 68.94 ± 17.46 and 6.85 ± 1.09 litre/sec, respectively ( Table 3) . Spirometry results also showed that 53.7% of respondents had normal pulmonary function, 41.7% had obstructive impairment and only 4.6% had combined feature of pulmonary impairment. No restrictive type pulmonary impairment was observed ( Table 4) . Respiratory problems means any respondent suffering from nasal irritation and or hoarseness of voice and or cough when the study subject does not catch a cold and or bringing up phlegm when the subject does not catch a cold and or having a wheezy or whistling chest and or dyspnoea. Bivariate analyses showed that different lung function parameters like FEV1, FEV1% & PEFR were significantly lower in smokers and respondents with longer duration of employment (p < 0.05) when compared to smokers and shorter durations of employment, respectively. Additionally, pulmonary impairment was more common amongst those having longer duration of employment (p < 0.05) ( Table 5 & Table 6 ).
Finally, after adjusting age, smoking history and different duration of employment, binary logistic regression analysis showed that duration of employment more than 24 months (OR 6.89; 95% CI 3.42, 8.41) and smoking (OR 3.62; 95% CI 1.87, 4.67) were independently associated with respiratory problems of the HHH. Separate logistic regression analyses also observed that smoking was also associated with nasal irritations, hoarseness of voice, cough and bringing up phlegm and duration of employment 12 -17 months was independently associated with the hoarseness of voice, chest tightness, cough and shortness of breath during hurrying or walking up ( Table 7) .
Discussion
We found that half of selected the transport workers of Dhaka city had altered pulmonary function with majority of them with obstructive variety of pulmonary impairment. The pulmonary impairment was more common among helpers having longer duration of employment. This is striking that 7.4% of the HHH were less than 15 years old. However, this statistic was in concordance with National Child Labour Survey 2002 conducted by Bangladesh Bureau of Statistics where 12.6% of children aged below 14 years were included in the work force [34] . About three-fourth of the study population had no history of previous employment as a helper. This could probably be attributable to the low mean age (18.39 years) of the respondents. The difference between current and previous years reported respiratory problems was also possibly due to duration of exposure and their age. Among the helpers with current respiratory problems, around 70% of them complained of gradual increase in respiratory problems and one-third of them gave history of feeling better on weekly holidays. It was probable that on weekends the respondents were not exposed to human hauler exhaust and thus felt better.
The HHH presented their current respiratory problems in the form of different combination of symptoms. Exposure to motor exhaust particularly with SPM has been associated with irritation of nasal mucous membrane and other nasal problems [35] [36] . It can also be noted that cough and mucous secretion are coordinated neuronal reflexes that protect the respiratory tract from noxious exogenous substances such as motor exhaust lead to a state of chronic distress with hyper secretion, chronic cough, and shortness of breath [37] . Spirometry showed that half of the respondents had normal lung function, 42% had obstructive feature and 5% had combined feature of pulmonary impairment, but there were no restrictive impairments. As the restrictive varieties are commonly found in conditions like fibrosis, silicosis, and also in old age groups, absence of restrictive variety for the current study was natural [38] . In individuals who suffer from air flow obstruction, forceful exhalation causes airways to close prematurely because of the increased intra thoracic pressure produced during the procedure. This phenomenon of "air trapping" results from dynamic compression due to increased resistance of intra thoracic airways and loss of elastic recoil. So, FEV1 decreases [38] . Airflow limitation is caused by diseases like asthma, chronic bronchitis, emphysema and also due to exposure to vehicular emissions. But in some cases FEV1 and FVC both reduces, so combined restrictive and obstructive features also co-exists [7] . The cur-rent results supported this phenomenon. Impaired pulmonary status was found to be most prevalent amongst those less than 20 years of age (37.5%). However, no association between age and pulmonary status was detected.
Regarding smoking habit, 49.1% helpers were smokers. Most of the parameters including FEV1, PEFR, and over-all pulmonary impairment were found to be significantly lower among the helpers who had the habit of smoking (p < 0.05). Smoking is a well-known factor for obstructive changes by causing irritation of the respiratory mucosa resulting in hypertrophy of mucosal epithelial cells. This cause increased secretion of mucous leading to formation of mucous plugs; these mucous plugs obstruct the outflow of inhaled air resulting in development of obstructive features [39] . Previous studies also observed that smoking implied additional risk of obstructive pulmonary diseases among vulnerable groups like transport workers [40] .
We observed significant reduction of FVC%, FEV1 & PEFR in relation to duration of employment. But no relationship was observed between duration of employment and FVC. It can be mentioned that generally FVC reduced in restrictive type of lung diseases and pulmonary impairment following exposure to motor vehicular exhaust is of obstructive variety [37] . So it was not unlikely that FVC was not reduced among helpers with longer duration of employment.
A recent cross sectional study found that age, sex, smoking habit and socio-economic status are independent risk factors for chronic obstructive pulmonary disorder (COPD) among the Dhaka city dwellers [41] . Although this study was done among general population of all age groups, not among the high risk people like transport workers. The oldest HHH in our study was only 30 years old, most likely therefore, we did not observe any association with age. Finally, taking the regression results into account, it can be assumed that smoking and duration of employment were independently associated with respiratory problems among the HHH. However, the exposure to motor exhaust takes some time (18 -24 months) to develop respiratory problems among the exposed group.
Limitations
This study had several limitations. As the study was carried out in a selected area of Dhaka city the findings might not be representative for all transport workers. There were no control groups and finally, we could not measure the personal exposure level of vehicular exhaust in this study.
Conclusion
This study provides new information on respiratory health of a specific cadre of transport workers in Dhaka city. A further study covering human hauler helpers and other transport workers of different cities of the country needs to be undertaken for validating the findings of this study. Moreover, awareness building programs targeting owners, driver and helpers of transport workers on effect of motor exhaust on respiratory health and risk of development of respiratory problems among smokers needs to be organized.
